According to the Kruskal-Wallis analysis of variance, the most important factor affecting F 14 value was age (p=0.001). AUC F0 F14 was not influenced by gender, age, metabolic syndrome or estrogen-progestin therapy. CONCLUSIONS: While it did not affect the daily cortisol rate, late-night salivary cortisol levels were found to be increased in the subjects in the higher age tertile and in those with the metabolic syndrome.
INTRODUCTION
Regardless of the rate of saliva production, the concentration of cortisol in saliva parallels free biologically active plasma cortisol levels. 1 Corticosteroids in saliva were first measured by an Italian study in the 1960s, 2 but it was only in the late 1980s that reports began to appear in the literature outlining the clinical utility of salivary cortisol measurements. 3 Salivary cortisol sampling is now increasingly used to test for hypothalamic-pituitary-adrenal (HPA) axis disorders 3 and to titrate substitutive therapy in adrenal insufficiency. 4 The noninvasive and readily repeatable nature of the assay makes salivary cortisol an ideal tool for investigating circadian rhythm. According to a large population-based study, morning salivary cortisol is negatively associated with Body Mass Index (BMI) and waist circumference, 5 with males showing a higher secretion rate than females. 1 Salivary sampling is particularly useful when free cortisol measurements are needed, i.e. in medical conditions characterized by increased cortisol-binding globulin levels, such as during pregnancy or when estrogen-progestin contraceptives are being taken. 6, 7 The aim of this study was to examine, in a community sample of adults, whether, and if so how, age, gender, metabolic syndrome and estrogen-progestin therapy affect salivary cortisol rhythm.
MATERIAL AND METHODS

Adult volunteers
One hundred twenty adult Hospital employees and the family members of the Endocrinology Unit of the University of Padova Medical Centre were recruited (51 males and 69 females); we excluded those who had performed night shifts one month before salivary collection in order to avoid cortisol rhythm impairment. None of these showed any clinical signs of hypercortisolism, were taking drugs that could interfere with the HPA axis or had a clinical history of adrenal incidentaloma or liver/renal failure.
Wearing light clothing and no shoes, participants were weighed and measured using a balanced beam scale and a vertical ruler. Weight was recorded to the nearest 0.5 kg and height to the nearest 0.5 cm. BMI was calculated (weight divided by height squared, kg/m 2 ) and on the basis of these measurements the m 2 (21 subjects, considered underweight), 20.1-25 kg/ m 2 (63 subjects, considered normal), 25.1-30 kg/m 2 (30 subjects, considered overweight) and >30 kg/m 2 (6 subjects, considered obese). In accordance with the WHO guidelines, waist circumference was measured at the end of natural breaths at the midpoint between the top of the iliac crest and the lower margin of the last palpable rib (<94 cm was considered normal in males and <80 cm in females). Hip circumference was measured around the widest part of the buttocks. 8 We also calculated the Waist-to-Hip Ratio (WHR is waist circumference divided by hip circumference) 8 We considered subjects hypertensive if home systolic blood pressure levels were receiving antihypertensive treatment). The subjects' lipid profiles were also assessed and they were considered dyslipidemic if plasma triglycerides were mmol/L in females (or being treated for dyslipidemia). The participants were considered diabetic if fasting -ing antidiabetic drugs). The metabolic syndrome, defined as a cluster of risk factors (increased waist circumference, elevated triglycerides or reduced HDL levels, hypertension and diabetic mellitus), was also assessed. We defined the participants as having the metabolic syndrome if they had at least 3 out of 5 of the risk factors listed. 9 The study was performed in accordance with the principles outlined in the Declaration of Helsinki: the local Ethics Committee approved the study protocol and all the subjects gave informed consent.
Saliva Collection
The volunteers were asked to collect 7 saliva samples during an ordinary weekday: the first sample was to be collected without delay upon awakening (labeled F 0 , hours of awakening from 6.30 to 7.30am), an hour and 30 minutes later (F 1.5 ), then 5 hours (F 5 ), 6 hours and 30 minutes (F 6.5 ), 10 hours (F 10 ), 11 and 30 minutes after (F 11.5 ) and finally 14 hours after the first collection (F 14 , which corresponded to late-night salivary cortisol). The subjects were instructed not to eat, drink or to brush their teeth (to avoid any source of food or blood contamination) for at least 30 minutes before taking each saliva sample. Subjects had lunch between F 5 and F 6.5 , and dinner between F 11.5 and F 14 . They were also asked to avoid smoking or eating liquorice on the day saliva was being collected.
Saliva was collected, stored and analyzed as described elsewhere. 4 Briefly, subjects were asked to collect samples using the Salivette commercial device (Salivette ® , Sarstedt, Numbrecht, Germany). Absorbent synthetic swab rolls were to be soaked in the saliva for 2-3 min and then placed in syringes and kept in the participant's refrigerator. Participants were asked to send the samples to our center the day after sampling and upon receipt they were kept at +4°C, centrifuged and stored at -20°C until assayed with a commercially available RIA kit (Radim, Rome, Italy), which has an assay sensitivity of 0.5 ng/mL and an intra-assay and inter-assay variation of 3% and 9%. Regarding specificity, this cortisol assay does not show significant cross-reaction with cortisone, desoxycorticosterone, corticosterone, estradiol, testosterone, 17 hydroxyprogesterone; the coefficient of variation in the high and in the low range were, respectively, 7% and 4% (local data).
Statistical Analysis
Proportions and rates were analyzed for categorical data and continuous data are expressed as median and interquartile range (IQR). To assess the total endogenous daily cortisol secretion, the Area Under the Curve with respect to ground (AUC F0 F14 ) of F 0 and F 14 was computed according to the trapezoidal method; 10 moreover, the F 14 /F 0 ratio was also calculated as an estimation of cortisol rhythm. We also calculated percentiles, defined as the value that divides the distribution in such a way that a specific -lated with the NIST (National Institute of Standards and Technology) formula. The groups were compared using the chi-square test for categorical variables (or Fisher's exact test when cell count was <5) and using the Mann-Whitney test for quantitative data (age, BMI, salivary sample F n , F 14 /F 0 ratio, AUC F0 F14 ); we analyzed the relationship between two variables via linear regression. We calculated the contribution of age, sex, BMI, WHR, hypertension and metabolic syndrome to the F 14 salivary cortisol levels with the Kruskal-Wallis one-way analysis of variance by ranks test. The level of significance was set at p <0.05 for all tests. Database management and statistical analysis were performed using the SPSS 17 software package (SPSS Inc, Chicago, IL).
RESULTS
Gender and age difference
There were no gender differences in salivary cortisol levels at the different time-points either in the F 14 /F 0 ratio or in the AUC F0 F14 .
The participants were divided into 3 age tertiles: first tertile (38 subjects, age <26 years), second tertile (43 subjects, age 27-45 years) and third tertile (39 subjects, age >46 years). There were differences in the night salivary cortisol levels in the different age classes: median F 14 levels were higher in the participants in the third tertile of age than those in the second [2. We excluded endogenous Cushing's syndrome in the participants whose late-night salivary cortisol levels were higher than our cut-off (5.24 ng/ml), 11 because Figure 1 . Median levels of late-night salivary cortisol (F 14 ) in the participants grouped into age brackets. their serum cortisol levels after a 1-mg overnight dexamethasone suppression test were <50 nmol/L (the lower cut-off, in order to avoid false negative results) and the mean of two 24-hour urinary free cortisol collections were <170 nmol/24h (our local cut-off for endogenous hypercortisolism. 12 The percentiles of salivary cortisol at each of the 7 time-points and the AUC F0 F14 are outlined in Table  1 . We did not observe an increase in cortisol levels after meals.
Role of the metabolic syndrome
There were no differences in salivary cortisol levels at the different time-points either in the F 14 /F 0 ratio or in the AUC F0 F14 in the underweight, normal, overweight and obese subjects.
With regard to gender-based cut-offs (<94 males and <80 cm in females), waist circumference was normal in 65 subjects (32 males and 33 females) and high in 55 volunteers (19 males and 36 females): there were no differences in salivary cortisol levels at the different time-points either in the F 14 /F 0 ratio or in the AUC F0 F14 in the subjects with normal or high gender-adjusted waist circumference. When different 8 there were no differences in salivary cortisol levels at the different time-points either in the F 14 /F 0 ratio or in the AUC F0 F14 in the subjects with normal (total 48 subjects, 15 males and 33 females) or high WHR (total 72 subjects, 36 males and 36 females) groups. Our findings confirmed that salivary cortisol AUC F0 F14 is not influenced by gender, age, metabolic syndrome or the use of estrogen-progestin contraceptives in adult subjects. This may seem surprising, as some studies have reported that cortisol levels increase with age 15 and that older age is associated with higher daily cortisol secretion. 16 In accordance with the findings outlined by Pecori Giraldi et al, 17 our study confirmed an age-related increase only for evening and late-night salivary cortisol, leading, as a consequence, to a higher night/morning cortisol ratio (F 14 /F 0 ), a simple marker of impaired circadian rhythm which shows a blunt decline in elderly volunteers. We did not, however, find any age-related modification in AUC F0 F14
, probably because evening levels were not sufficiently increased to alter the global daily secretion or because our cohort was not as large as those previously described. In this line of evidence, we recently reported that also urinary free cortisol levels, which could be considered another integrated marker of daily cortisol secretion rate, are not affected by aging. 18 In contrast to another study, 1 we did not find any gender differences in salivary cortisol values, probably because our volunteers included individuals from 20 to 88 years old, while Lederbogen et al. studied only 50-69 year-old subjects. 1 As likewise reported by Manetti et al, 7 we found no differences in late-night salivary cortisol levels, in daytime cortisol rhythm, as indicated by the F 14 /F 0 ratio, or in cortisol production rate, as indicated by AUC F0 F14 , between the women of reproductive age with regular menses who collected saliva during their follicular phase and those who were on estrogen-progestin therapy. In view of the fact that salivary cortisol reflects the free fraction of the hormone, saliva testing could be a particularly useful tool in the clinical setting in which cortisol-binding globulin is elevated.
We found higher late-night salivary cortisol levels in the hypertensive subjects and in those with metabolic syndrome; the latter were also characterized by a slow cortisol decline, reflected in a higher F 14 /F 0 ratio. In our volunteers, 4 out of 120 subjects (3%) had late-night salivary cortisol levels that were higher than our local upper cut-off: 11 they were all in the third tertile of age distribution, one was overweight, 2 were obese and 3 were hypertensive. We
Estrogen-progestin therapy
We also compared the results of the 21 women who were taking estrogen-progestin contraceptives (17 oral and 4 transdermal) with a group of 31 women and collected salivary samples during their follicular phase. There were no differences in salivary cortisol levels at the various time-points either in the F 14 /F 0 ratio or in the AUC F0 F14 in these two groups.
Analysis of variance
On the basis of the Kruskal-Wallis one-way analysis of variance of all the factors described (age, sex, BMI, WHR, metabolic syndrome, hypertension), only age, hypertension and metabolic syndrome had a significant effect on F 14 levels, with the most powerful p value linked to age (X 2 =19.101; p=0.004) rather than to hypertension (X 2 =17.537; p=0.007) and metabolic syndrome (X 2 =16.287; p=0.012); the latter factors were not significant after adjusting for the other variables (age). The participants with metabolic syndrome were, indeed, older than those without 
DISCUSSION
The clinical utility of measuring salivary cortisol and of calculating its daily production rate has recently been confirmed by several studies. [3] [4] [5] 11, 13 We asked unselected subjects living in the community to collect 7 saliva samples on an ordinary weekday in order to define the percentiles of physiological cortisol concentrations at any time-point of the day and the AUC F0 F14 , a mathematical method used to incorporate multiple time-points with an acceptable degree of approximation. 10 Our results confirmed the percentiles of salivary cortisol described elsewhere. 4 As there is as yet no consensus about how to best manage adrenal insufficiency, 13, 14 these data could be useful to titrate glucocorticoid therapy in these patients.
used the 1-mg overnight dexamethasone suppression test and a 24-hour free urinary cortisol collection to exclude Cushing's syndrome in all 4 cases. A recent study reported that salivary cortisol was negatively associated with BMI and waist circumference and that cortisol secretion was lower in the overweight subjects during the first part of the day. 5 We observed higher late-night salivary cortisol levels only in the subjects with metabolic syndrome (with at least 3 risk factors). This observation is of clinical interest because it is well known that a delayed cortisol rhythm with relatively slight cortisol excess in the evening, obtained in metyrapone-suppressed healthy volunteers treated with a physiological hydrocortisone dose, is linked to the worsening of glucose metabolism (increase in glucose levels and insulin concentrations). 19 The interplay between the metabolic syndrome and subtle cortisol secretion alterations, characterized as subclinical Cushing's syndrome, has been reported in patients with adrenal incidentaloma: a slight cortisol excess is associated with an increased prevalence of the metabolic syndrome and possibly cardiovascular impairment that improves after adrenalectomy. 20, 21 According to our findings, only age has a significant effect on late-night salivary cortisol levels. As the subjects with hypertension or metabolic syndrome were older than those without, this reflected an increasing incidence of hypertension and metabolic syndrome with age. 22 Forming a differential diagnosis between Cushing's syndrome and metabolic syndrome can be a challenge for the endocrinologist due to overlapping clinical features in the two conditions. Impaired cortisol rhythm in Cushing's syndrome, 23 which is easily studied using night salivary cortisol determinations, 3, 24 might at times be misleading in older patients with the metabolic syndrome. As there is the risk of false positive test results in these cases, other screening tests should be utilized to identify the syndrome. This situation is frequently observed when biochemical workup is being carried out where there is suspicion of adrenal incidentaloma, whose incidence, just like metabolic syndrome, increases with age (with a peak around the fifth and seventh decade). 25 In contrast to the other larger population study, 1, 5 the present one has the advantage that all participants exhibiting elevated late-night salivary cortisol levels performed a dexamethasone suppression test to exclude endogenous hypercortisolism, which is difficult to perform in population-based settings; moreover, we used the lower cut-off (serum cortisol levels were <50 nmol/L) to avoid false negative testing. Furthermore, there is an extensive body of literature on salivary cortisol measuring, but most of the studies focus on morning cortisol/awakening response: our focus on cortisol rhythm provides new data to a less extensively studied field.
Our study has some limitations. First of all, the analytical specificity and sensitivity of assay methods may vary: many of the commercial assays available to measure salivary cortisol can produce false values due to cross-reactivity with metabolites such as cortisone. Thus, the general trends of values presented are probably not transferable to other assay systems that are widely used in clinical practice. We have, nevertheless, already described the effectiveness of salivary cortisol in detecting Cushing's syndrome in a large cohort of patients and control subjects. Though adult volunteers were recruited, we did not study the population prospectively. In this sample, Hospital employees and their family members were recruited, and this may be a disadvantage due to the possible similarity in cortisol diurnal rhythm among relatives.
To conclude, study findings showed that the salivary cortisol AUC is not influenced by age, gender, metabolic syndrome or use of estrogen-progestin therapy. In contrast, only late-night salivary cortisol levels were found to increase with age and in patients with the metabolic syndrome. Endocrinologists should bear in mind that elderly subjects with adrenal incidentaloma or suspicion of Cushing's syndrome can produce false positive salivary cortisol test results.
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